Background: The present study was conducted to evaluate the bond strength in the different root thirds (premolars and maxillary central incisors) of composite relined glass fiber posts compared to untreated glass fiber posts cemented with dual-or chemical-cure cements. Materials and Methods: Sixty human single-rooted premolars (flat canal) (n = 15) and 12 maxillary central incisors were used (round canal) (n = 3). The teeth were sectioned, and the roots received endodontic treatment. The standardized preparation of the canals was carried out, and the roots were randomly divided into four groups according to the cementation systems: G1: cemented posts (dual: Ambar/Allcem); G2: relined posts (dual: Ambar/Allcem); G3: cemented posts (chemical: Fusion Duralink/Cement Post); and G4: relined posts (chemical: Fusion Duralink/Cement Post). The roots were cut to give two slices of each third of the root canal per specimen. Push-out test was conducted at a speed of 0.5 mm/min. Data were analyzed by analysis of variance and Tukey's post hoc test (α = 0.05). Results: There was no statistically significant difference between groups for the premolars (flat canal) (P = 0.959). There was a significant difference in the central incisors between the middle and apical thirds in the cemented group when using the dual system (P = 0.04) and between the middle and apical thirds (P = 0.003) and cervical and apical thirds (P = 0.033) when using the chemical system. Conclusion: Due to the anatomy of the root canal, flat canal of the premolars does not require relining, but round canal of the maxillary central incisors demands it for more secure in the bond strength.
Introduction
The mechanical instrumentation and cleaning of the root canal walls enable an intimate contact between the filling material and the root canal dentin. [1] [2] [3] Root canal irrigators are used for biomechanical procedures as antimicrobial agents, to lubricate dentinal walls, dissolve the organic and inorganic smear layer components, clean the canal space, and increase the penetration of the filling material into the dentinal tubules. [1, [4] [5] [6] [7] [8] Many endodontically treated teeth have greater loss of tooth structure, due to previous restorations, invasive carious lesions, or removal of the tooth structure due to the endodontic access. The glass fiber posts have been universally accepted as a method of promoting increased strength when restoring an endodontically treated tooth. However, obtaining an effective adhesion to the root canal walls is a challenge, considering the unfavorable geometry and limitations inherent to the physicochemical properties of the adhesive material. [9] Despite their clinical success, concerns have been raised on the effective capability of these resin-based materials to bond the fiber posts to root dentin, due to the unfavorable C-factor of the postspace. [10] During the filling phase, the intimate contact of resin materials to the dentin of the root canal should ideally result in an excellent chemical-mechanical link. [11] Attempts to improve adhesion, using either anatomical glass fiber posts or glass fiber posts that have been relined with a composite resin, have been indicated as a possible alternative for reducing the thickness of the resin cement layer. [12] The push-out test is an established and frequently described method in the literature to evaluate bond strength of posts luted to intraradicular dentin. [10] Well-known factors possibly explaining the relatively
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high standard deviation of the results in the model are the unavoidable anatomical variations and heterogeneity of the substrate among teeth. [10] Given this context, the aim of this study was to analyze the bond strength in the different root thirds (premolars and maxillary central incisors) of glass fiber posts relined with composite resin compared to untreated glass fiber posts cemented with dual-or chemical-cure cements.
Materials and Methods

Selection of teeth
The current study utilized a total of 60 single rooted human premolars and 12 maxillary central incisors, obtained from the Tooth Bank of Tuiuti University of Paraná. The study was approved by the Brazil Platform no. 309.060. The teeth were radiographed, and specimens were excluded if they had root lengths of <15.0 mm, atypical or multiple root canals, and previous endodontic treatment.
The outer root surface was cleaned using an ultrasonic apparatus (Kavo, Joinville, SC, Brazil), and then, the specimens were embedded in 1% NaOCl solution for 10 min and washed in running water. The crowns were sectioned at the cementoenamel junction (CEJ) using a diamond disc (KG Sorensen, Barueri, Brazil) under water irrigation, and the root length was standardized at 15.0 mm.
Endodontic treatment
Coronary access was performed using #1014 and #3080 diamond burs (KG Sorensen, Barueri, Brazil) at high speed (KaVo, Joinville, SC, Brazil). Canal debridement was carried out using #15 and 20 K-Flexofiles (Dentsply Maillefer, Ballaigues, Switzerland). The root canal length was measured by inserting a file into the canal until the tip became visible at the apical foramen. The working length was determined by subtracting 1 mm from this length and established at 14.0 mm. The root canals were shaped using #25 and 50 Reciproc files (VDW, Munich, Germany), which were established as the maximum apical extension file.
During the chemical-mechanical preparation, irrigation was performed using 2.0 mL of 2.5% sodium hypochlorite after each instrument. The prepared canal was irrigated using 5.0 mL of 17% ethylenediaminetetraacetic acid (EDTA) that was left in the root canal for 5 min and then a final irrigation with saline solution. The canals were dried using paper points (Dentsply/Maillefer, Petrópolis, Brazil) and filled with the single-cone technique using #50 Reciproc gutta-percha and AH Plus endodontic sealer (Dentsply, Konstanz, Germany). All materials were used in accordance with the manufacturer's instructions. Gutta-percha was removed using #2 and 3 Peeso burs (Maillefer, Ballaigues, Switzerland), leaving 6.0 mm as an apical seal. The postspace was then prepared using a low-speed bur provided by the Whitepost DC Kit (FGM Dental Products) to the same depth.
Experimental groups
The samples were randomly divided into four groups (n = 15): G1: Cemented (Ambar-adhesive system/All Hundred-dual resin cement); G2: Posts relined with composite resin (Opallis) and cemented (Ambar-adhesive system/All Hundred-dual resin cement); G3: Cemented (Fusion Duralink-adhesive system/Cement Post-chemical resin cement); and G4: Posts relined with composite resin (Opallis) and cemented (Fusion Duralink-adhesive system/Cement Post-chemical resin cement). The material compositions used in this study are shown in Table 1 . The study was also conducted in central incisors with the same variables described above (n = 3).
Glass fiber post cementation
The glass fiber post utilized in the current study was white DC Post (FGM, Joinville, Brazil). Each canal of the G1 specimens was etched with 37% phosphoric acid (Dentsply) for 15 s, washed for 30 s, and dried with absorbent paper points (Dentsply). Two layers of the Ambar adhesive system (FGM Dental Products, Joinville, Brazil) were applied using a microbrush for 10 s each. An airstream was applied, and the excess adhesive was removed using a clean microbrush. Polymerization was carried out for 20 s using a halogen light unit with an intensity of 800 mW/cm 2 (XL 3000, 3M ESPE). The post was cleaned with 70% alcohol, conditioned with 37% phosphoric acid (Dentsply) for 15 s, rinsed, and dried with a gentle stream of air. Two coats of the silane agent (Prosil, FGM Dental Products) were applied and allowed to sit for 1 min. A layer of the Ambar adhesive system (FGM, Joinville, Brazil) was applied and polymerized for 20 s. The dual-cure resin cement (Allcem, FGM Dental Products) was inserted into the canal using a lentulo spiral drill (Dentsply/Maillefer) in a handpiece at low speed. The post was fixed in root canal, and excess cement was removed after 3 min. The resin cement was cured for 40 s using a halogen light unit positioned at the neck portion of the post.
The G2 posts were cleaned with 70% alcohol and then conditioned with 37% phosphoric acid (Dentsply) for 15 s, rinsed, and dried with compressed air. Two layers of silane agent (FGM Dental Products) were applied and allowed to sit for 1 min. A layer of the Ambar adhesive system (FGM Dental Products) was applied and polymerized for 20 s. After lubricating the walls of the channel with water, a layer of opaque microhybrid Opallis A4 composite resin (FGM Dental Products) was applied, and the post was inserted into the root canal. The resin was light cured for 10 s, removed from the root canal, and light cured for 10 s. After verifying the fit of the relined post, it was light cured for 40 s. The etching, application of the adhesive system to the relined post and the root canal, and cementation of the post were carried out as with the specimens in G1.
The root canals of the G3 specimens were etched with 37% phosphoric acid (Dentsply) for 15 s, rinsed for 30 s, and dried with absorbent paper points (Dentsply). The Fusion Duralink primer (Angelus, Londrina, PR, Brazil) was applied using a microbrush for 20 s; gentle jets of air were applied for 10 s and the canals were dried using absorbent paper points (Dentsply). The chemical adhesive catalyst, Fusion Duralink (Angelus, Londrina, Brazil), was applied using a microbrush. The posts were cleaned with 70% alcohol, etched with 37% phosphoric acid (Dentsply) for 15 s, washed, and dried with a gentle stream of air. Two layers of a silane agent (Prosil, FGM Dental Products) were applied and allowed to sit for 1 min. The chemical adhesive catalyst, Fusion Duralink (Angelus), was then applied. The chemically activated resin cement (Cement Post, Angelus) was inserted as previously reported, and the post was fixed in the root canal. Excess cement was removed after 3 min.
Relining of the post in G4 was performed as described for G2. The etching, application of the adhesive system for the relined post and the root canal, and cementing of the G4 post were performed as previously described for the G3 specimens. One week after cementing the posts, the roots were inserted in polyvinyl chloride pipes filled with crystal resin RPF (House of Silicone, Curitiba, PR, Brazil).
Push-out bond strength test
The samples were sectioned transversely to the long axis in a sectioning machine (Isomet 1000, Buehler, Lake Bluff, Illinois, USA) to obtain 1.0 mm thick slices. Two sections from each root canal third were obtained per specimen, corresponding to the cervical, middle, and apical thirds.
Before the push-out test, the slices were photographed (Nikon D5100 Digital Camera, Tokyo, Japan, equipped with a Nikon 105 mm macro lens) on both sides, using a ×40 magnification optical microscope (Olympus, BX 51 model, Olympus, Tokyo, Japan) to measure the diameters of the coronal, middle, and apical thirds of cemented and relined posts, to calculate the bonding area for each section. This measurement was performed using the Image Tool software, version 3.0 (Department of Dental Diagnostic Science, University of Texas Health Science Center, San Antonio, Texas, USA).
Next, the specimens were submitted to push-out strength testing. Each sample was placed with its crown portion positioned facing down on a metal device with a small central opening, such that the load exerted a constant compressive force in an apical-coronal direction to promote dislodgment of the post. The actuator was positioned at the center of each post fragment, such that the applicator tip only touched the posts. The specimens were tested in a universal testing machine (AG-I, Shimadzu Autograph, Tokyo, Japan), using a load cell of 50 kg and a crosshead speed of 0.5 mm/min until displacement of the fiber post.
The load at failure was recorded in Newtons (N) and converted to a bond strength in MPa by dividing the load value (N) by the value of the adhesive area (mm 2 ). The adhesive area (SL) was estimated by the formula used to calculate the lateral surface area of a truncated cone: SL = π (R + r) ([h 2 + (R -r] 2 ) 0.5 , where π is the constant 3.1416; R is the radius of the coronal aspect of the post (mm); r represents the radius of the apical aspect of the post (mm), and h is the thickness of the specimen (mm).
Statistical analysis
The results were statistically analyzed. The bond strength values obtained for the premolars passed the normality tests (Kolmogorov-Smirnov test and Shapiro-Wilk test); therefore, the data were submitted to analysis of variance (ANOVA) and Tukey's post hoc test (α = 0.05). However, due to the smaller sample size, the bond strength values for the pilot study (the maxillary central incisors) did not pass the normality tests; therefore, the nonparametric Kruskal-Wallis test was used. The SPSS software, version 20.0 (SPSS, IBM Corporation, Somers, NY, USA), was used to perform all statistical analyses.
Scanning electron microscopy images obtainment
A scanning electron microscope (Shimadzu, Kyoto, Japan) was used to view the fracture patterns of the samples. Selected slices from each group were washed with a 95% alcohol solution for 1 min and dried with air jets. The samples were fixed on a metal sample holder and sputter coated with gold-palladium (Shimadzu, Kyoto, Japan). Each slice was examined using scanning electron microscopy (SEM) (Shimadzu, Kyoto, Japan) with 15 kV and magnifications of ×50 and ×100.
Results
The mean values and standard deviations of the bond strengths for the premolars are presented in Table 2 and the maxillary central incisors in Table 3 . There was no statistically significant difference between groups for the premolars based on the ANOVA (P = 0.959).
The maxillary central incisors showed a statistically significant difference between the middle and apical thirds of in the cemented group for the dual-cure system (Ambar/Allcem) (P = 0.04) and between the middle and apical thirds (P = 0.003) and cervical and apical thirds (P = 0.033) for the chemical system (Fusion/Cement Post) in the cemented groups. There were no significant differences 397±4.133 A * The same capital letter indicates no difference between root thirds for each experimental group; A lower case letter indicates no difference between the cervical thirds for the different experimental groups; the same Greek letter indicates no difference between the middle thirds for the different experimental groups; a single asterisk indicates no difference between the apical thirds for the experimental groups; two asterisks indicate difference between the apical thirds for the experimental groups between the root thirds when comparing the dual-and chemical-cure systems for the reline technique (P > 0.05).
The Kruskal-Wallis analysis of the maxillary central incisors indicated that the chemical-cure cemented group was statistically different when compared with the dual-cure (P = 0.049) and chemical-cure (P = 0.003) relined groups. With regard to the middle third of the different experimental groups, the chemical-cure cemented group was statistically different from the dual-cure (P = 0.003) and chemical-cure (P = 0.003) relined groups. With regard to the apical third of the different experimental groups, the dual-cure cemented group was statistically different from the dual-cure (P = 0.004) and chemical-cure (P = 0.010) relined groups, while the chemical-cure cemented group was statistically different from the dual-cure (P = 0.003) and chemical-cure (P = 0.003) relined groups. SEM images, representing the major types of failures observed at the bonding interface, are shown in Figures 1-3 .
Discussion
After endodontic treatment, many teeth have a great loss of tooth structure. Glass fiber posts have been indicated as an alternative for improving the strength of the restored tooth while reducing the risk of postfracture seen with cast posts. [12] [13] [14] [15] [16] [17] [18] [19] The reduced risk of root fracture is due to the glass fiber post having an elastic modulus similar to dentin. In addition, an adhesive connection between the post/cement/dentin is produced when bonding glass fiber posts, reducing stresses in the remaining root, and favoring retention of the post in the root canal. Studies suggest that a thick layer of resin cement around a post decreases the bond strength of the post/cement/dentin interface. [12, 18] In an attempt to improve the adaptation of the glass fiber post to the root canal to reduce the thickness of the resin cement and improve the adhesive strength, relined glass fiber posts have been proposed. [15, [18] [19] [20] Alsamadani et al. [21] compared various restorative treatment techniques and concluded that glass fiber posts relined with a composite resin increased the fracture strength of teeth with weakened roots. In light of these results, the present study compared the bond strength of conventional glass fiber posts to relined glass fiber posts, varying the cementing systems using dual-cure or chemical-cure cements.
The current study used extracted human premolars and maxillary central incisors, with both groups having their crowns removed at the CEJ. [14, 16, 22] The root canals were irrigated using 2.5% NaOCl [14, [17] [18] [19] and 17% EDTA. The literature has shown the effectiveness of these irrigants in removing the smear layer. Pelegrine et al. [13] evaluated different concentrations of NaOCl (1%, 2.5%, and 5.25%) associated with 17% EDTA, concluding that there was no influence on the tensile strength when using a self-etching adhesive system. [13] However, Vilanova et al. [23] found the highest bond strengths of composite resin to dentin when associating 1% NaOCl with 17% EDTA. Wu et al. [24] showed that irrigation with 3% NaOCl and 17% EDTA was effective in removing the smear layer but presented limitations in the apical third. This limitation may be related to the lower number of dentinal tubules in this region as well as the difficulty of penetration and flow of irrigating agents due to the reduced diameter of the apical third of the root canal.
Several factors can affect the retention of glass fiber posts to root canal dentin, such as the time of preparation and cementation of the post, the post type and its adaptation to the prepared space, the type of sealer, the adhesive system, and the cementation procedures. [25] Given the difficulties in adhesion, reducing the thickness of the resin cement layer and improving the adaptation of glass fiber posts appear to increase postretention. [19] One study showed higher bond strength values when there was a smaller thickness of resin cement (0.1-0.3 mm) when compared to thicker layers. [12] In addition to the improvement in postretention in the root canal, thinner layers of resin cement tend to lower blisters or cracks due to postpressure on the resin cement. [18, 19] The use of a lentulo spiral to insert cement into the root canal space is an effective technique for reducing voids and bubbles in the cement layer. [16] Thus, this present study used a glass fiber post relined with composite resin to improve retention and decrease the thickness of the resin cement layer.
The clinical procedures for the preparation of relined post are easy to perform and require only a few steps beyond those described for cementation of a conventional glass fiber post, enabling a better fit of the post to the root canal walls, thereby decreasing the thickness of the resin cement layer and formation of bubbles within the cement. [18] In addition to reduced resin cement polymerization shrinkage due to the thin cement layer, another important factor is that the shape of the root canal is not as circular as the post; the use of a conventional post requires the spaces between the post and the root canal walls to be filled with the resin cement, thereby forming a thick layer. With the use of a relined glass fiber post, the cement layer would be thinner and more uniform, both of which are ideal conditions for retention. [20] The relined glass fiber posts increased retention to the root canal and improved contact between the cement and the adhesive although the cement-dentin interface is still the weakest link in the cementation of these posts. [19] Grandini et al. [18] indicated good adhesion between the post and the relining resin. The use of relined glass fiber posts was also effective when used in weakened roots, improving the biomechanical behavior. [15] The current results indicate that the experimental groups (with or without composite relining of the glass fiber post) did not differ in bond strength. However, the pilot study, which presented with wider root canals, indicated that the relining technique was more effective, achieving higher bond strength values. This present result can be explained by the root anatomy of the premolars being flattened in a mesiodistal direction, often creating a direct contact of the post with the root canal walls without the presence of, or at least a thin, resin layer. However, the incisors presented broader and more circular root canals, allowing for the resin to reline around the entire post, giving a thicker and more homogeneous layer.
In addition to the chemical-mechanical preparation of the root canals, the use of sealers and gutta-percha can interfere with the adhesion of glass fiber posts. The root canals were filled with gutta-percha using the single-cone technique and AH Plus (a resin cement), [23] which showed better results in bond strength when compared to a eugenol-based cement. [26] Upon completion of the endodontic procedures, gutta-percha was removed from the root canals using Peeso burs, [15] and the postspace was prepared using a bur from the fiber glass post kit.
The root dentin was etched using 37% phosphoric acid, and excess water from rinsing was removed using paper points. [14] [15] [16] [17] Faria-e-Silva et al. [19] etched the canal dentin with 35% phosphoric acid while other studies used a concentration of 32%. [18] [19] [20] Kahnamouei et al. [17] compared three total-etch adhesive cements with three cements and concluded that the adhesive systems and total-etch resin cements showed uniform bond strength in different regions of the root canal. Total or conventional etching adhesive systems promote the formation of a thicker and uniform hybrid layer in the root canal and the formation of dense resin tags. [16] With respect to the cementing systems, the results indicated a greater effectiveness for the dual-cure system when compared to the chemical-cure system in the pilot study although no statistically significant differences occurred between the experimental groups. This result can be attributed to the completion of the light curing. [22] It is suggested that there were no significant differences in the experimental group due to the innermost contact of the post to the root canal wall, resulting in mechanical retention of the post, which may influence the displacement of posts during the push-out test.
Conclusion
Within the limitations of this study, it can be concluded that there was no difference in bond strength for the premolar group, regardless of the restorative system. However, the maxillary central incisor group indicated greater effectiveness of bond strength for the relined posts and dual-cure cement when compared to the other groups, demonstrating greater influence of relining in relation to cementing, in the round canal. The use of a smaller sample size for the group of incisors was due to the lower availability of these teeth to study when compared to the premolars which are usually extracted for orthodontic reasons and is available in greater numbers to search after approval by the Ethics Committee. More studies about the influence of the cross section of the root configuration are required.
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